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DERYHUHDFWLRQV LVDPL[WXUHRIVROYHQWRLODQGILQHFRDOVDIWHUEHLQJGULHGDQGJULQGHG>@+7+3VHSDUDWRUDVD
UHDFWLRQ SURGXFW VHSDUDWRU LQ WKH FRDO OLTXHIDFWLRQ SURFHVV LV XVHG WR VHSDUDWH WKH JDVOLTXLG IORZ FRQWDLQLQJ
SDUWLFOHV RI SXOYHUL]HG FRDO 7KH DIIHFWV RI IORZ FKDUDFWHULVWLF DQG GULIWLQJ UHJXODULWLHV RI SXOYHUL]HG FRDO RQ WKH






WRSUHGLFW WKH IORZEHKDYLRURIJDVDQGVROLG LQGRZQHUVDQGJRRGDJUHHPHQW LVREWDLQHGEDVHGRQ WKH3'(W\SH
WUDQVSRUWHTXDWLRQ$NKWDU$HWDO>@XVHWKHYROXPHRIIOXLG92)DSSURDFKWRVWXG\DFRQWLQXRXVEXEEOHFKDLQ
ULVLQJ WKURXJK OLTXLG FROXPQ ZKLFK KDV EHHQ SHUIRUPHG E\ IRU ODERUDWRU\ VFDOH EXEEOH FROXPQ $ UHDVRQDEOH
DJUHHPHQWEHWZHHQWKHSUHGLFWHGYDOXHVRIJDVKROGXSZLWKWKHH[SHULPHQWDOZRUNKDVYDOLGDWHGWKHSUHVHQWPRGHO
.RQJHWDO>@XVHWKHVWDQGDUGWXUEXOHQFHGLVFUHWHSKDVHDQGHURVLRQPRGHOWRVWXG\WKHZHDUUDWHRQWKHLQQHUZDOO
DQG YHORFLW\ FKDUDFWHULVWLF LQ WKH SLSHZKLFK DUH REWDLQHG E\ JDVVROLG WZRSKDVH IORZ LQ WKH WULSOHW RI WKH FRDO
K\GURJHQGHYLFH:XHWDO>@VLPXODWHWKHJDVOLTXLGVROLGIORZLQVFUXEELQJFKDPEHUE\DFRPELQHGPHWKRGRIWKH
FRPSXWDWLRQDO IOXLG G\QDPLFV ZLWK WKH GLUHFW VLPXODWLRQ0RQWH &DUORPHWKRG LQ WKH IUDPH RI (XOHU/DJUDQJLDQ
DSSURDFK /L HW DO >@ LQYHVWLJDWH SDUWLFOH WUDQVSRUW LQ IXOO\GHYHORSHG WXUEXOHQW FKDQQHO IORZ E\ ODUJH HGG\
VLPXODWLRQ/(6 RI WKH LQFRPSUHVVLEOH 1DYLHU6WRNHV HTXDWLRQVˈZKHUH WKH VXEJULGVFDOH LV PRGHOHG XVLQJ
G\QDPLFHGG\9LVFRVLW\PRGHOˊ7KHJRYHUQLQJHTXDWLRQRIJDVVSHFLHVZHUHVROYHGZLWKILQLWHGLIIHUHQFHPHWKRG










2.1. Continuous phase 
7KH(XOHUDSSURDFKLVXVHGWRVROYHIORZILHOGRIJDVOLTXLGWKHFRQWUROHTXDWLRQRIFRQWLQXRXVPHGLXPIORZLV
HVWDEOLVKHG DQG WKDW LV WKH FRQWLQXLW\ HTXDWLRQ DQG WKH 1DYLHU6WRNHV PRPHQWXP HTXDWLRQ %DVLF HTXDWLRQ IRU
GHVFULELQJWKHWUDQVLHQWWXUEXOHQWIORZLVVKRZQDVIROORZV
&RQWLQXLW\HTXDWLRQ
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2.2. Turbulence model 
*DVYROXPHIUDFWLRQLVDERXWDQG5HLVîVRIORZVWDWXVRIWXUEXOHQFHLVGHWHUPLQHGLQLQWHUQDORI
+7+3 VHSDUDWRU *DVOLTXLG SKDVH LV WUHDWHG DV FRQWLQXRXV PHGLXP WKH (XOHU FRRUGLQDWH LV XVHG WR UHYLHZ WKH
PRYHPHQWRIJDVOLTXLGSKDVHDQGWXUEXOHQWFKDUDFWHULVWLFVDUHFDOFXODWHGE\XVLQJWKH6WDQGDUGWXUEXOHQWPRGHO
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2.3. Discrete phase   
7KH FDOFXODWLRQPHWKRGRIQRW FRXSOLQJ LV XVHG LQ WKLV VLPXODWLRQ DQGSDUWLFOH WUDFNLQJZKLFK LV UHOHYDQW DQG
VWDUWLQJIURPLQMHFWLRQVRXUFHLVGLVSOD\HGGLUHFWO\&DOFXODWLQJSDUWLFOHWUDMHFWRU\EHJLQVIURPEHLQJJLYHQRUGHUV
FDOFXODWLYHWUDMHFWRU\LVEDVHGRQIORZILHOGRIFRQWLQXRXVSKDVH
7KH GLDPHWHU RI SXOYHUL]HG FRDO SDUWLFOHV LV ­P RU VR DFFRUGLQJ WR DFWXDO ZRUNLQJ FRQGLWLRQ  NLQGV RI
SDUWLFOHGLDPHWHUVDUHVHWWOHGDV­Pǃ­Pǃ­Pǃ­Pǃ­Pǃ­PDQG­P WKH UHODWLRQVKLS
EHWZHHQWKHPRWLRQODZRISXOYHUL]HGFRDOGULIWLQJDQGSDUWLFOHGLDPHWHUFDQEHVWXGLHG7KHLPSDFWRIOLTXLGOHYHO
RQPRWLRQ ODZ RI SXOYHUL]HG FRDO GULIWLQJ LV DOVR FRQVLGHUHG ZLWK WKH VDPH SDUWLFOH GLDPHWHU $V SHUFHQWDJH RI
SDUWLFOHLQJDVSKDVHRIWRWDOVROLGSKDVHLVQRWFOHDUVRǃǃǃǃLVDVVXPHGUHVSHFWLYHO\WR
VWXG\WKHLPSDFWRISDUWLFOHFRQFHQWUDWLRQRISXOYHUL]HGFRDOLQJDVSKDVHRQPRWLRQODZRISXOYHUL]HGFRDOGULIWLQJ
7RWDO PDVV IOX[ RI VROLG SKDVH LV NJV VR NJVǃNJVǃNJVǃNJVǃNJV LV VHWWOHG
UHVSHFWLYHO\ˈDQGLWVGHQVLW\LVNJP






SDUWLFOH LV WUDFNHG E\ WKH /DJUDQJH DSSURDFK ,Q WKLV ZRUN DOO WKH VLPXODWLRQ KDG EHHQ SHUIRUPHG E\ XVLQJ WKH
FRPPHUFLDOO\DYDLODEOH&)'VRIWZDUH)OXHQW7KHVHWRIJRYHUQLQJHTXDWLRQVDUHVROYHGE\DILQLWHFRQWUROYROXPH
WHFKQLTXHZKHUH WKH HQWLUHYHVVHO KDVEHHQ FRQVLGHUHG IRU WKHVLPXODWLRQ7KH6,03/(DOJRULWKP >@KDVEHHQ
HPSOR\HG IRU WKH SUHVVXUH±YHORFLW\ FRXSOLQJ 7KH YROXPH IUDFWLRQ LV GLVFUHWL]HG E\ 48,&. PHWKRG 7KH ZDOO
ERXQGDU\FRQGLWLRQLVVHWDVQRVOLS7KHFRQYHUJHQFHFULWHULRQVXPRIQRUPDOL]HGUHVLGXDOVZDVVHWDWIRUDOO
WKHHTXDWLRQV$VSDUWLFOHYROXPH IUDFWLRQ LVDERXWVRRQHZD\SDUWLFOH WUDFNLQJDSSURDFKZDVDGRSWHG LQ
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&)'VLPXODWLRQV)RURQHZD\SDUWLFOHWUDFNLQJDSSURDFKRQO\WKHHIIHFWRIJDVIORZRQSDUWLFOHIORZLVFRQVLGHUHG
EXWWKHHIIHFWRISDUWLFOHIORZRQJDVIORZLVQHJOHFWHG









1DPH *DVSKDVH 6ROLGSKDVH /LTXLGSKDVH
3UHVVXUH0SD   
0DVVIOX[îNJāK   
9ROXPHIOX[PāK   
'HQVLW\NJāP   
9VFRVLW\îNJāPāV   
6LPXODWLRQUHVXOWDQGDQDO\VLV
7KHUHDUHPDQ\IDFWRUVDIIHFWIORZSURFHVVLQDFWXDOZRUNLQJFRQGLWLRQVRPHDSSURSULDWHK\SRWKHVLVDUHPDGHLQ
RUGHU WR IDFLOLWDWH VLPXODWLQJ  3DUWLFOH VKDSH RI SXOYHUL]HG FRDO LV VSKHULFDO  )OXLG LV LQFRPSUHVVLEOH
1HZWRQLDQ IOXLG  7KHUH LV QR SKHQRPHQRQ RI PDVV WUDQVIHU DQG KHDW WUDQVIHU  6ROLG SDUWLFOH YROXPH
FRQFHQWUDWLRQLVORZWKDQHIIHFWRIFRQWLQXRXVSKDVHWRGLVFUHWHSDUWLFOHSKDVHLVRQO\FRQVLGHUHG
3.1. Gas-liquid phase 
,QWHUQDO IORZ IOLHG LV YDULHGZLWK FKDQJH RI OLTXLG OHYHO7DNLQJ SDUWLFOH GLDPHWHU RI ȝPZLWK WKH 6WDQGDUG
PRGHODVH[DPSOHVLPXODWLRQUHVXOWVDUHVKRZQLQ)LJDQG)LJ7KHFRORUUHSUHVHQWVWKHPDJQLWXGHRISDUWLFOH
IORZYHORFLW\





IOXLGDQGYHORFLW\JUDGLHQW WKHJUHDWHUYHORFLW\RISDUWLFOHVILQDOO\ LWZLOO OHDGWR WKHLQFUHDVHRI6DIIPDQOLIWDQG
DJJUDYDWHWKHGULIWLQJRISXOYHUL]HGFRDO









3.3. Analysis of influence factors 
GDWDVFRQWDLQLQJNLQGVRIOLTXLGOHYHONLQGVRISDUWLFOHGLDPHWHUVDQGNLQGVRIPDVVIOX[HVRISDUWLFOH
FRQFHQWUDWLRQRISXOYHUL]HGFRDOLQJDVSKDVHDUHVLPXODWHGZLWKWKH6WDQGDUGPRGHOLQWKLVVHFWLRQ,IPDVVIOX[LV





LQWHUQDO VSDFH WKHZHDNHURI DFWLRQRIJDVFXVKLRQ WKHPRUH LQWHQVHRI DLUIORZPRYHPHQW VR LWZLOO OHDG WR WKH
LQFUHDVHRISXOYHUL]HGFRDOGULIWLQJZKHUHDVGHFUHDVHV
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%DVHG RQ WKH 6WDQGDUG WXUEXOHQWPRGHO OLTXLGOHYHO SDUWLFOH GLDPHWHU DQGPDVV IOX[ RI GLVFUHWH SKDVH DUH
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